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ABSTRACT 

We used star density maps obtained from 2MASS to obtain a sample of star clusters in 
the entire Galactic Plane with |6| < 20°. A total of 1788 star cluster candidates are identified 
in this survey. Among those are 681 previously known open clusters and 86 globular clusters. 
A statistical analysis indicates that our sample of 1021 new cluster candidates has a contam- 
ination of about 50 %. Star cluster parameters are obtained by fitting a King profile to the 
star density. These parameters are used to statistically identify probable new globular cluster 
candidates in our sample. A detailed investigation of the projected distribution of star clusters 
in the Galaxy demonstrates that they show a clear tendency to cluster on spatial scales in the 
order of 12-25 pc, a typical size for molecular clouds. 

Key words: Methods: statistical, Catalogues, Galaxy: globular clusters: general, Galaxy: 
open clusters: general 



1 INTRODUCTION 

Star clusters are the building blocks of galaxies. By investigating 
the basic properties of clusters, e.g. morphology, mass function, 
and spatial distribution, we can trace the long-term evolution of 
stars in the Milky Way. The pre-requisite for such studies are large- 
scale surveys providing the means to detect large homogeneous 
samples of open (OpCl) and globular (G1C1) clusters. 

So far, about 1100 OpCls are known in the Galaxy, and their 
properties have been co mpile d in larg e OpC l databases ( see e. g. 
Mermilliod & Paunzen 120031) . Lynga <1995l) . Dias et al. 120021) ). 
Most of these clusters, however, have been detected in the frame- 
work of optical surveys, mainly based on photographic plates. 
Since interstellar and cloud extinction are a strong factor at wave- 
lengths shorter than 1 /im, optical cluster catalogues may be highly 
incomplete. Near infrared (NIR) surveys are probably more appro- 
priate to provide a more complete census of clusters, since they are 
able to probe more distant regions in the Galaxy due to much lesser 
sensitivity to interstellar extinction, and to detect the youngest clus- 
ters, which are still embedded in molecular clouds. Recent studies 
have shown that these embedded infrared open clusters might out- 
number optica l visible clusters by an order of magnitude (see Lada 
& Lada fe003l) for a recent review). Infrared OpCls are thus an im- 
portant complement to the classical cluster catalogues. 

Similarly, the known sample of GlCls is very likely incom- 
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plete because it is mostly based on visual inspection of photo- 
graphic plates at optical w avelen gths. Of the ~ 150 GlCls known 
in our Galaxy (e.g., Harris ll996tP . only v ery few have been discov- 
ered u sing infrared data (e.g., Hurt et al. feOOCf) . Kobulnicky et al. 
120051) ). Similar to OpCls, however, many GlCls remain undiscov- 
ered due to obscuration from dust close to the Galactic Plane. Based 
on the spatial distribution of the known GlCls, Ivanov et al. 120051) 
estimate a lower limit of 10 ± 3 for the number of unknown GlCls 
near the Galactic Plane (\Z\ ^ 0.5 kpc) and within 3kpc from 
the Galactic Centre. Moreover, the sample of off-plane GlCls is 
likely to be incomplete as well, as indicated by the recent serendip- 
itous discoveries of the two off-plane clusters GC Whiti ng 1 (Car- 
raro <2005l) ) and ESO280-SC06 (Ortolani et al. 12000k This is 
relevant, because a complete G1C1 sample is of fundamental impor- 
tance as a probe for the variety of processes that may have con- 
tributed to the formation of the Galaxy: rapid protogalactic col- 
lapse, accretion , cann ibalism, gala xy col lisions, star bursts (e.g., 
van den Bergh <1993l) : West et al. 12004 ) . The diversity of these 
processes is obviously reflected by the diversity of GlCls, implying 
that a complete census of the GlCls is crucial for the understanding 
of the formation of the Galaxy. 

The NIR all sky survey 2MASS (Skrutskie et al. fcOOfj) ) pro- 
vides an excellent database to identify and an alyse la rge samples of 
infrare d clusters. Recent work by Dutra et al. |2003» and Bica et al. 
120031) proved that 2MASS indeed contains hundreds of previously 
unidentified infrared clusters. A systematic search for 2MASS clus- 
ters in the entire Galactic Plane, as well as a comprehensive analy- 
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sis of their properties inferred from NIR photometry alone, has not 
yet been carried out. In a previous paper, we presented a relative 
extinction map of the Galactic Plane (\b\ < 20° ) derived from star 
counts in the 2MASS catalogue (Froebrich et al. i2005h ). The orig- 
inal aim of this project was to search for dark globules. It required 
obtaining a star density map of the entire region. Such a map is ad- 
ditionally well-suited to detect open and globular clusters. In this 
paper, we report about a systematic search and analysis of Galactic 
star clusters based on 2MASS star counts. 

The paper is structured as follows. In Sect. 12.11 we introduce 
our cluster selection method and discuss the reliability of our clus- 
ter candidates. A description and discussion of the spatial distribu- 
tion of the clusters is put forward in Sect.[3] Finally we describe our 
method of statistically classifying the newly detected cluster candi- 
dates to search for the best new Galactic G1C1 candidates (Sect.0). 



2 CLUSTER SELECTION 
2.1 Method and results 

We selected all stars from the 2MASS point source catalogue with 
Galactic Latitude |6| < 20°. To ensure high photometric accuracy 
only objects with a quality flag better than 'C (i.e. only stars with 
a photometric accuracy better than five times the signal-to-noise 
ratio) are used. The area with |6| < 20° was then divided in 288 re- 
gions of 10° length in Galactic Longitude and 5° height in Galactic 
Latitude. In each of these fields, the completeness limit was deter- 
mined as the peak in the histogram of the brightness distribution of 
all stars in each of the three filter bands JHKs. The star density at 
this brightness was then measured in each of the bands. Indepen- 
dent of the completeness limit the star density was determined by 
counting the number of stars in 3.5'x3.5' sized boxes every 20". 

The star density maps were searched automatically for lo- 
cal densi ty enh ancements using the SExtractor software (Bertin & 
Arnouts 1 19961) ). As cluster candidates we selected all objects with 
a local star density above the 4 a level of the background and an ex- 
tent of more than eleven square arcminutes. Only objects detected 
either in J and H, or in H and K where selected. Objects detected 
only in one of the three bands, or in J and K only, where discarded. 
The redundant information in different filters allow us a reliable 
object identification and safely exclude spurious detections. This 
automated procedure resulted in the detection of 961 cluster candi- 
dates. 

A random inspection of the star density maps, however, re- 
vealed that the automatic detection missed quite a number of 
cluster-like objects slightly fainter than the 4 a detection limit and 
detected several objects that are obviously not star clusters (spikes 
from bright stars, dark cloud edges). This is caused by density gra- 
dients and variable S/N in the 10°x5° fields due to Galactic struc- 
ture and dust clouds. Hence, an additional manual selection was 
performed by visually inspecting the JHKs star density maps. 

In a first step, all obvious non-cluster objects where rejected 
from the automatically obtained catalogue. These rejected objects 
are mostly edges of dark clouds in regions with steep star density 
gradients close to the Galactic Plane. We rejected 179 objects from 
the automatically detected sample. Then, to obtain our final source 
sample, we manually selected all remaining objects possessing the 
same visual appearance in the star density maps as known star clus- 
ters. As for the automated detection procedure, the cluster had to be 
visible in the H-band and at least in one of the other two bands. This 
resulted in a total of 1788 cluster candidates. 782 (44%) of those 



were detected by the automated procedure. The ratio of the num- 
ber of clusters detected manually and automatically is more or less 
constant along the Galactic Plane. Hence, the manual selection pro- 
cedure introduces no additional selection effects that change sys- 
tematically along the Galactic Plane. 

We searched the SIMBAD database 1 for known clusters 
within three times the core radius (see Sect. l4.1> of each candidate. 
All entries with classification as G1C1?, CI*, G1C1, OpCl, *inCl, 
Gl?, CI*, G1C, OpC, As* or *iC where selected. We identified 
681 known OpCls and 86 known GlCLs among the cluster candi- 
dates in our survey field. This includes e.g. the G1C1 Glimpse-COl 
wh ich wa s recently discovered with Spitzer data by Kobulnicky et 
al. <2005l) . 

Please note that the SIMBAD classification is not 100 % reli- 
able for all individual objects. However, single mis-classifications 
will not influence the statistical analysis performed in this paper. 
One possible reason for such mis-classifications are erroneous co- 
ordinates of known clusters in the SIMBAD database: We found, 
for example, that the SIMBAD coordinates of the known OpCl 
Berkeley 5 1 , which is 3.9 arcmin away from one of our new cluster 
candidates (CI 0197, core radius 0.6 arcmin), are probably inaccu- 
rate. An inspection of the 2MASS images reveals no star cluster 
like object at the SIMBAD coordinates of Berkeley 51, but clearly 
a star cluster at the coordinates of our candidate (see also Fig.0. 
Some other examples for potentially erroneous coordinates in the 
SIMBAD database are the objects CI 0191 - Berkeley 49; CI 0361 - 
Berkeley 98; CI 1476 - VDBH 63. We have therefore searched the 
vicinity (r < 10') of all our new cluster candidates to find such ob- 
jects. In Tables lAll and lB 1 1 we provide the names of all known star 
clusters closer than 10' and outside three times the candidate core 
radius. There are 68 (7 %) cases of such a close-by known cluster 
outside three times the core radius of our candidate. 

In total 1021 of our cluster candidates have no known entry in 
the SIMBAD database. In the Appendix in Tables lAll and IBllwc 
summarise the properties of our candidates. Note that these tables 
will be available online only. 



2.2 Reliability of our cluster candidates 

How reliable are the new cluster candidates, i.e. how significant is 
the contamination of our sample with random star density fluctu- 
ations of field stars? Here we will discuss several approaches to 
quantify the contamination of our sample statistically. 

Spatial Distribution: We analyse the spatial distribution of our 
cluster candidates in Sect. 13.11 A comparison of the distributions of 
known OpCls and new cluster candidates shows that about 50 % 
of the new candidates are distributed homogeneously in our map 
(see left panel of Fig.[3}- Thus they do not follow the distribution 
of known OpCl, and are therefore likely contaminating objects (see 
Sect. l3.1l for details). This provides a first estimate of the contami- 
nation in our sample of 50 %. 

Detection Method: We detect 73/86 (85 %) of the know GlCls 
and 435/681 (64%) of the known OpCls in our sample automat- 
ically. In contrast, only 274/1021 (27 %) of the new candidates 
are detected automatically. If we assume that the ratio of auto- 
matically/manually detected known OpCls applies also for the new 
candidates, we should have found only 428 new clusters. Hence 
we can estimate a contamination of (1021-428)/1021 = 58 %. Since 



This cross identification was performed in May 2006. 
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Figure 1. 2MASS JHK colour (left) and K-band star density (right) maps for the new cluster candidates 0190 (Qual. Flag 1), 0191 (0), 0197(1), 0426(3), 
0488 (3), 0784 (4), 0849 (4), 1476 (3); from top left to bottom right. The size of the boxes around the JHK colour images is 5 arcminutes, north is up, east is left. 
In the star density maps bright regions indicate enhanced star density. Contrary to the JHK images the K-band star density maps are in Galactic coordinates, 
possess a size of 0.25 degrees and are centred on the cluster position. Note that in the JHK images the clusters are not always centred due to the available 
2MASS image data. 



new clusters are likely to possess few members (because they re- 
mained undiscovered so far) this number can be considered to be an 
upper limit. Thus, it is in good agreement with the above estimated 
contamination of 50%. It also indicates that the automatically de- 
tected cluster candidates are less contaminated. We have marked all 
cluster candidates in Tables lAll and lB ll that are detected automati- 
cally. 

Cluster Pairs: In Sect. l3.2l we investigate the probability P(r) 
to find pairs of clusters with a given separation r. If one subsample 
of our clusters is dominated by contamination we should clearly 
see a difference in the probability distribution for cluster pairs. 



We compared P(r) for: a) the known OpCls in our sample; b) all 
new cluster candidates; c) the probable cluster candidates; d) the 
manually detected clusters; e) the automatically detected clusters. 
We find that there is no statistically significant difference between 
P(r) for all subsamples. This indicates that the contamination, al- 
beit present, does not influence our analysis in Sect. 13.21 

Cluster Morphology: A further possibility to determine the 
contamination is the morphological analysis of our cluster candi- 
dates in Sect. 14.11 We fit radial star density (King) profiles to all 
identified objects, and analyse the quality of those fits. We find that 
the known GlCls give the best fit: 81/86 (94 %) have a quality flag 
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Figure 2. As Fig.[T]but for the new cluster candidates 1483 (1), 1530 (2), 1656 (3), 1716 (2), 1735 (4), 1744 (3); from top left to bottom right. 



better than 3 (see Sect. 14. ll for how this flag is determined). In the 
case of the OpCls we have 483/681 (71 %) with a good quality 
flag. For our new cluster candidates we obtain for 455/1021 (45 %) 
a good fit. Assuming again the percentage of the OpCls for the new 
candidates we should have had a good fit for 726 objects. This in- 
dicates a contamination of (1021-726)/1021 =29 %, somewhat less 
than the estimates above. In Tables lATl and IB 1 1 we list for each of 
the new cluster candidates the quality flag. 

Visual Inspection: We performed a visual inspection of 
2MASS images for a number of randomly selected new cluster can- 
didates. We inspected JHK colour images of 60 cluster candidates 
and selected all objects where an obvious cluster of stars can be 
identified visually. We find that for objects with a quality flag bet- 
ter than 4, about 30 % of the cluster candidates show a clear cluster 
like appearance in the 2MASS images. To exemplarily demonstrate 
the appearance of our candidates in 2MASS images, we present in 
Figs.Qand[2|jHK colour images and for comparison K-band star 
density maps for a number of candidates, where a clear clustering 
of stars is apparent in the JHK image. The 30 % of clear cluster 
candidates would indicate a contamination of 70 %. We note, how- 
ever, that the visual impression in images can be misleading if the 
cluster consists of many faint stars. Hence the star density maps 
are a better guide for cluster identification. Similarly, an increased 
number of bright stars in an image might lead to the impression of 
a cluster, even if the star density map shows no peak. 



In summary with three independent estimates, we find con- 
tamination rates between 30 and 60 %, and thus probably around 
half of our newly identified candidates are no real clusters. Since 
we account for this in our statistical analysis in Sect. 13.21 it does not 
influence our results. For individual clusters the determined qual- 
ity flag, based on statistical estimates (see Sect. l4.H . can be used 
to judge the likelihood that the candidate is a real cluster. To ver- 
ify for the nature for each individual clusters requires the analysis 
of colour-magnitude diagrams and thus the identification of cluster 
members. Since we concentrate here on the statistical analyses of 
our cluster sample, this is beyond the scope of this work and will 
be addressed in a future paper. 



However, using our quality flag and the position of the cluster 
candidates, we have identified the most probable new star clusters 
in our sample. In particular we selected all cluster candidates that 
have |fo| < 4° and possess a quality flag of less than five (73% 
of the known OpCls fulfill this condition). These are 473 objects, 
their properties are listed in Tabl dAll and we will refere to them as 
probable clusters. The majority of the remaining objects are proba- 
bly only local star density enhancements, their properties are listed 
in Table lBll and they are referred to as possible clusters. 
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Figure 3. Distribution of the known clusters and new cluster candidates in our search area. Top: Known GlCls. Middle: Known OpCls. Bottom: New star 
cluster candidates. The different distributions of the two types of stars clusters can be seen clearly. Also the lack of known OpCls near the Galactic Centre is 
evident in the middle panel. 



3 OVERALL DISTRIBUTION OF STAR CLUSTERS 



3.1 Distribution, contamination, completeness 

In Fig.[3]we plot the distribution of our clusters in the search area. 
The upper panel shows the known GlCls contained in our sample. 
The concentration towards the Galactic Centre is seen clearly. The 
middle panel shows the known OpCls identified in our sample. As 
expected, this type of cluster is concentrated towards the Galactic 
Plane and the main star forming regions. However, there is a clear 
lack of objects towards the Galactic Centre indicative of the fewer 
known OpCls in this area, as well as a selection effect of our clus- 
ter detection method (evident also in the right panel of Fig.|4j- In 
the lower panel of Fig.|3|the new cluster candidates of our sample 
are shown. They follow the principle distribution of the OpCls, re- 
flecting the fact that most of the new candidates are expected to be 
OpCls. This panel also shows that there is a component of about 
500 objects which are homogeneously distributed. This population 
is also evident in the histogram of the cluster distribution across the 
Galactic Plane (left panel of Fig.|4j- Assuming that the distribution 
of the known OpCls is representative, we can conclude that those 
500 cluster candidates are most likely not star clusters, but only lo- 
cal star density enhancements. Thus, the contamination of our list 
of new clusters is likely to be about 50 %, implying that ~ 500 of 
our new cluster candidates are real, as already stated in Sect. 12.21 
We note the contaminating objects, which are homogeneously dis- 



tributed, do not influence the statistical analysis of the clustering 
properties in Sect. 13.21 

By counting the cluster candidates in bins of 60° length along 
the Galactic Plane we can estimate the number of potentially miss- 
ing objects. In the bins beside the Galactic Centre we find 150 and 
180 clusters, respectively. The region 180° < I < 240° possesses 
the highest number of clusters (470), while the remaining three bins 
contain about 320 objects, each. The bin with 470 clusters is close 
to the star forming regions of Orion, Taurus, and Perseus and might 
represent a local exception from the overall cluster density. Nev- 
ertheless, there are about 300 clusters missing in the area ±60° 
around the Galactic Centre. These clusters are not detected due to 
the high background star density (low density contrast between star 
cluster and background) and hence provide a promising target area 
for future projects like the UKIDDS survey. 

This shows that our detection method is subject to selection 
effects. Only star clusters that possess a significant density en- 
hancement towards the centre are detected. As a result, the high 
star densities towards the Galactic Plane and especially towards the 
Galactic Centre will hamper our detection rate. Hence any statisti- 
cal analysis of OpCl properties will have to be constrained to re- 
gions outside ±60° from the Galactic Centre. Clusters with few 
stars and clusters that are spread out over a large area on the sky 
are not detected either. Those types of clusters, however, are not 
expected to be distributed in a way different from the detected ob- 
jects, and hence will not influence our analysis in Sect. 13.21 
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Figure 4. Distribution of our star cluster sample perpendicular (left panel) and along (right panel) the Galactic Plane. The solid line shows the histograms 
for all our objects. The dotted line represents the known OpCls and the dashed line the known GlCls. Again the apparent lack of clusters toward the Galactic 
Centre is evident. 



3.2 Clustering of clusters 

Here we investigate the projected distribution of the star clusters in 
our sample. In particular, we are interested in modelling this two 
dimensional distribution using simple assumptions. To quantify the 
distribution of clusters we determined the probability P(r) to find 
pairs of clusters with a given separation r. This is done by count- 
ing the number of clusters Ni(r) in a ring with a radius r and a 
thickness 8r for each cluster i. This has to be normalised by the 
total number of clusters (TV — 1) and the area of the ring 2nr8r. 
These individual probabilities Pi (r) are then averaged to obtain the 
probability P(r) as follows: 

i— 1 i= 1 

Note that we used Sr = 3' as thickness of the ring. Since we 
encountered a significant drop in the number of detected clusters 
towards the Galactic Centre (±60°), we exclude this area from the 
analysis. This leaves N = 1461 cluster candidates. There are only 
13 known GlCls in this subsample, as well as 632 known OpCls 
and 816 new candidates. 

In the upper left panel of Fig.|5|we plot P(r) for our sample of 
clusters. There are two distinct regions in the diagram. For separa- 
tions larger than about 0.7° we find a linear decreasing trend of P 
with log r. At smaller r the probability rises much steeper with de- 
creasing radius. If we use only the 632 known OpCls to determine 
P(r), in order to investigate if the contamination of ~ 50 % influ- 
ences the distribution, we obtain the same qualitative behaviour but 
with a slightly larger scatter due to the smaller number of clusters. 
Indeed all sub-samples of clusters (manually detected objects, auto- 
matically detected objects, known OpCls, new cluster candidates) 
show the same qualitative and quantitative behaviour. This might 
be due to the fact that contaminating objects, i.e. random density 
enhancements, are not expected to show any clustering, and thus 
contribute only a constant to the plot shown in Fig.[5] In any case, 
the results of the following analysis are unaffected by contamina- 
tion. 

How does this observed distribution compare with models for 
the distribution of the same number of clusters? The most simple 
model would be a homogeneous distribution of the clusters in the 
investigated area. The resulting probability plot for this model is 
shown in the upper right panel of Fig.|5| Note that we determined 



P(r) as the average of ten different homogeneous model distribu- 
tions to minimise the scatter. The same number of repeats is also 
used for all other models investigated in this section. Obviously 
the homogeneous model is not appropriate, which is also appar- 
ent in Fig.|3] In contrast to the observational sample, this model 
shows a probability that is almost independent of the distance r, 
and also much smaller. This is due to the fact that a homogeneous 
distribution leads on average to larger distances between the star 
clusters. In fact an ideal homogeneous distribution would result in 
A/i(r) being proportional to the separation r, and therefore a con- 
stant value for P(r) (see Eq.0. The good agreement of our homo- 
geneous model distribution with a constant value, reflects the high 
quality of the random number generator used. The larger deviation 
for very small r is due to a very small number of cluster pairs at 
such a small separation. 

Can we obtain better agreement with a more realistic ap- 
proach? From the histograms in Fig.[4]we can deduce the general 
properties of the cluster distribution. There is a homogeneous com- 
ponent of about 400 clusters in the investigated area. The remain- 
ing objects show a more or less homogeneous distribution along the 
Galactic Plane (in the region more than 60° away from the Galactic 
Centre), and a Gaussian distribution with a width of 5° perpendic- 
ular to the Galactic Plane. The lower left panel of Fig.|5|shows the 
probability distribution for this model. For r larger than 0.7° the 
model matches the probability of the observational data quite well. 
It reproduces the linear decline of P with log r, and also the abso- 
lute values for P are in agreement to the observations. At small r 
the model continues to show the same linear trend, in contrast to 
the increase in the slope in the observational sample. 

What causes the difference between the model and the ob- 
servations for smaller separations? Apparently at these shorter dis- 
tances it is much more probable to find another cluster than pre- 
dicted by the simple model, obtained from the histograms of the 
cluster distribution. This is clear evidence for strong, local clus- 
tering of star clusters. We incorporate this in our models by again 
using 400 clusters as homogeneous component. Additionally, we 
sort 600 of the remaining clusters in pairs of two. Those pairs have 
a size of 0.7°, in agreement with the change of slope in the proba- 
bility distributions. Within the 0.7° box the coordinates of the two 
clusters are distributed homogeneously. All pairs as well as all clus- 
ters that are not part of the homogeneous component are distributed 
as in the above model (homogeneous along and Gaussian, with a 



A systematic survey for infrared star clusters with \b\ < 20° using 2MASS 7 



width of 5°, perpendicular to the Galactic Plane). We experimented 
with the number of clusters in each group, the group size, and the 
number of clusters that are part of groups. The size of the group 
determines the radius where we see a change in the slope of P(r). 
If we put more than two clusters in each group, the slope at small 
r is much larger than in the observations. The number of groups 
influences the absolute value of P(r). 

This model is now in very good agreement with our observa- 
tional sample. It predicts very well the correct absolute values for 
the probability at all separations. The change in the slope at 0.7° 
is also captured. At very small r (below 3'), there is still some dis- 
crepancy between model and observations, which might be due to 
sub structuring on very small scales. In total, however, our sim- 
ple model approach yields surprisingly good agreement between 
simulated and observed cluster frequency. All simulations without 
pairing (i.e. clustering) of objects are clearly not sufficient. This 
provides strong evidence for clustering of star clusters on scales of 
the order of 0.7°. Assuming a mean distance of 1-2 kpc of the clus- 
ters, we find that the clustering of star clusters appears on scales of 
approximately 12-25 pc. Since this is in the same order as the size 
of typical star forming molecular clouds, from which clusters are 
believed to form, this might indicate that the observed distribution 
of clusters still contains information about the birthplaces of stars 
in the Galaxy. 



4 CLASSIFICATION OF NEW CLUSTER CANDIDATES 
4.1 Morphological analysis 

For every cluster candidate in our sample we fit the radial star den- 
sity profile in the three filters JHKs at the completeness limit of 
2MASS (determined locally for every cluster). Note that we in- 
clude all objects with a quality flag better than 'E', corresponding 
to a photometric accuracy better than t hree tim es the signal-to-noise 
ratio. We used the King-Profile (King ll962t) ) 



p(r) = p b + p c -r c 



(' 



+ r 



( r cor + r tid) 



(2) 



for the star density p to determine the core and tidal radius (r CO r, 
rud) an d the central and background star density (p c , pt). 

Integrating the cluster star density p(r) — pb from zero to the 
tidal radius and substituting x = rud/Tcor, we can determine the 
total number N of stars in the cluster by: 



N — TT ■ 



ln(l + af)-4 + 



4 • x/l + x 2 + x 2 



1 + x 2 



(3) 



This total number of stars depends on the magnitude down 
to which stars are included in the star density map, i.e. the local 
completeness limit near the cluster m c i. To compare the number of 
cluster members between different star clusters, we have to convert 
N to a common magnitude limit m a ll- This number N c will be 
used in Sect. l4.3l to distinguish between OpCls and GlCls, and can 
in principle be estimated for each cluster using: 



N c — N ■ io _ A' (mc!_m ° !!) . 



(4) 



The variable C in Eq.[4]denotes an unknown parameter. It describes 
how the number of stars in a cluster changes with stellar luminosity, 
i.e. a combination of the mass and luminosity function. It depends 
e.g. on the distance, type, age and extinction of the cluster, as well 
as on m c ;. The variable C only scales Eq.|4j thus the particular 
value of it is not important and we will set it to one for the analysis 



in Sect. 14.31 Note that different values only marginally influence 
the discrimination of the two cluster types. 



4.2 Cluster parameters and uncertainties 

We list the determined cluster parameters for the new cluster candi- 
dates in Tables lATl and lB 1 l in the Appendix. The tables will be avail- 
able online only and contain the following columns: 1) Unique ID 
for each new cluster candidate; 2) Galactic Longitude 3) Galactic 
Latitude; 4) Right Ascension (J2000); 5) Declination (J2000); 6) 
core radius in the H-band; 7) tidal radius in the H-band; 8) central 
star density in the H-band; 9) Intensity contrast - central star den- 
sity/sqrt(background star density) in the H-band; 10) Number of 
stars in the cluster in the H-band; 11) Corrected number of stars in 
the cluster in the H-band (see Sect.l4.1>; 12) log R N (see Sect.l4~3l 
for details). 13) Quality flag (see below). 14) Name of possible 
known cluster with erroneous coordinates in SIMBAD. 

What are the uncertainties of the parameters? The cluster co- 
ordinates are determined by a Gaussian fit of the star density peak. 
The star density maps are created by counting stars in 3.5 arcmin 
sized boxes with an oversampling of ten. Considering this, the ac- 
curacy of the positions is in the order of the pixel size of our maps, 
i.e. 20" or 0.005 degrees. However, in cases of extended or not cen- 
trally condensed clusters, the uncertainty could reach 0.01 degrees. 
The error of the core and tidal radii can be estimated as follows: we 
determine the scatter of the fit radii from the mean value in all three 
filters JHK. As error for the radii we assume a value that is larger 
than the scatter of the best 2/3 of the objects. For the core radius 
we find that 2/3 of the objects posses a scatter of less than 15 %. In 
case of the tidal radius the situation is worse. The best 2/3 of the 
objects posses a scatter of less than 33 %. Hence for many objects 
the tidal radius is not well determined. 

To give a measure to judge the quality of the radial star density 
profile fit and the reliability of the cluster parameters of each new 
cluster candidate we introduce a quality flag. This flag consists of 
two parts: a) an integer number ranging from zero to six, indicat- 
ing how many of our quality tests are negative for this particular 
object; b) a six digit binary number, allowing to identify which of 
the quality tests are negative. The following bits are used: 1) the 
cluster is detected automatically (0) or manually (1); 2) the scatter 
of the three fitted core radii is larger than 30% (1) or smaller (0); 
3) the scatter of the three fitted tidal radii is larger than 66 % (1) or 
smaller (0); 4) the contrast of the central to background star density 
(Icentral/sqr(Iback)) in all filters is larger than five (0) or not (1); 5) 
the ratio of tidal to core radius in all three filters is inbetween 3 and 
45 (0) or not (1); 6) the core radius in all three filters is larger than 
twice the error of the coordinates, i.e. 0.01 degrees (0) or not (1). 



4.3 Classification: OpCl vs. G1C1 

Our large and homogeneous sample of known star clusters gives us 
the opportunity to distinguish between OpCls and GlCls among the 
new cluster candidates based on statistical differences in their mor- 
phological properties, as determined in Sect. 14.1 1 In particular we 
are interested in identifying the most probable new G1C1 candidates 
within the vast number of unknown objects. For this purpose we 
investigated all possible combinations of two morphological prop- 
erties (determined as described in Sect. l4.H for the known clusters 
in our sample. We then selected the combinations that showed the 
best discrimination of OpCls and GlCls. The three best combina- 
tions for this purpose are plotted in Fig.[6] (presented are data from 
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Figure 5. Probability P(r) to find pairs of clusters with a separation r, normalised to the area and number of clusters. Upper left: Probability for the 
observational sample. Only star clusters which are more than 60° away from the Galactic Centre are included. Error bars are statistical errors based on the 
number of clusters taken into account for each individual datapoint. Upper right: Probability distribution for a homogeneous distribution of star clusters 
(solid line). Over plotted as dots are the observational datapoints (shown without error bars). Lower left: Probability distribution for a model assuming a 
homogeneous distribution of 400 clusters. The remaining objects are homogeneously distributed along the Galactic Plane and possess a Gaussian distribution 
with a width of 5° perpendicular to it. Lower right: Probability distribution assuming a homogeneous distribution of 400 clusters. 600 clusters are grouped 
in pairs of two. These pairs, as well as the remaining clusters possess a homogeneous distribution along the Galactic Plane and Gaussian distribution with a 
width of 5° perpendicular to the Galactic Plane. Within the pairs the clusters are distributed homogeneously within 0.7°. 



H-band images), which shows how the corrected number of stars 
N c , the core radius and the central star density relate to each other 
for the known OpCls (dots) and GlCls (plus signs) in our sample. 
It is evident in Fig.|6|that the two types of clusters occupy different 
parts of the parameter space, even if some GlCls are well within the 
OpCl regime. 

The three parameter combinations shown in Fig.|6|are avail- 
able in three different filters JHKs, resulting in nine different pa- 
rameter combinations that we can use to distinguish OpCls and 
GlCls. The high redundancy in all these different relationships as 
well as the large samples of known clusters in our database ensures 
a reliable analysis of the statistical differences between OpCls and 
GlCls. 

In each plot we count how many known GlCls and OpCls are 
in a box around each star cluster candidate in our sample. The box 
has a size of 0.3 in logarithmic units. This number is then nor- 
malised by the total number of known clusters in our sample. These 
ratios are a measure for the probability that this cluster candidate 
is a G1C1 (Pptlt.) or OpCl (P^ t ). Combining these individual 



probabilities from all plots using 



/ 9 \ V9 

p0p/Gl = [U p °i p oC Gl ) « 



we determined a measure for the probability of each new cluster 
candidate to be a G1C1 (P Gl ) or OpCl (P° p ). 

Almost all new cluster candidates are most likely OpCls. We 
note, however, that the sample of known OpCls is very incom- 
plete, especially towards distant clusters and objects with few stars. 
Compared to this, the sample of GlCls is almost complete, only 
about 10 % ar e belie ved to be missing towards the Galactic Centre 
(Ivanov et al. 120051) ). Therefore, the probability P° p , is a lower 
limit. The probability P Gl , however, opens the possibility to iden- 
tify the best candidates for the last missing GlCls in our Galaxy. 
Given the incompleteness of the OpCl sample, however, P Gl has 
to be considered an upper limit. 
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Figure 6. Example plots of cluster properties (H-band data) for know Op- 
Cls (dots) and known GlCls (plus signs) in our object sample, which were 
used to classify the new cluster candidates. Top: Corrected number of stars 
vs. the core radius. Middle: Central star density vs. the core radius. Bot- 
tom: Central star density vs. the corrected number of stars. It clearly can 
be seen that the OpCls occupy a different part of the parameter space than 
most of the GlCls. 



4.4 Best new G1C1 candidates 

Here we investigate the feasibility of our method to determine 
a measure for the probability that new cluster candidates in our 
sample are GlCls or OpCls and to select new globular cluster 
candidates. For each cluster, we determined the ratio P° p / P Gl . 
If we had no information at all about the morphological proper- 
ties, this ratio would be equal to the ratio of the number of the 
two types of known clusters in our sample. Hence, by defining 
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Figure 7. Distribution of the measure Rn far our sample of clusters. The 
value of ijjy gives an indication of what type the star cluster is. We plot 
logarithmic histograms vs. the logarithm of the measure Rn . The dividing 
line at log Rn = separates the area of GlCls (negative logijjv) and 
OpCls (positive logijjy). The solid histogram represents the new cluster 
candidates in our sample, the dashed histogram the known GlCls and the 
dotted histogram the known OpCls. 



Rn = (P° p /P G ')/(681/86) we obtain an easy measure for each 
cluster to be G1C1 or OpCl. If log Rn is negative, the object is prob- 
ably a G1C1, otherwise it is an OpCl. 

In Fig.0we plot the histogram for our cluster candidates vs. 
log .Rat, our measure for the classification of clusters. The solid 
histogram represents the new cluster candidates in our sample, the 
dashed histogram the known GlCls and the dotted histogram the 
known OpCls. The vertical solid line marks the (statistical) border- 
line between globular and open clusters. Note that in Fig.0objects 
which have a P Gl -value of zero (and hence undetermined Rn) are 
missing. Those objects, however, are most probably OpCls. As can 
be seen in the figure, most known clusters are classified correctly 
using this approach: Out of the 86 known GlCls, only 14 (16%) 
have log Rn > and thus fail our criterium. For OpCl, the agree- 
ment is even better. Only 36 out of 681 (5%) OpCls are falsely 
classified by our approach. 

There are nine new cluster candidates in our sample that pos- 
sess a value of Rn less than one, and are hence promising G1C1 
candidates (see Table 0. Given the ratio of known GlCls and Op- 
Cls in this parameter range (72/36) and a over-all contamination 
rate of about 50 % of the 1021 new cluster candidates (see Sect.[3) 
we estimate that about 25 %, i.e. 2-3 of those candidates are likely 
to be new GlCls. However, this estimate is subject to the uncer- 
tainties in the completeness of the known OpCls in our sample and 
the contamination of our new candidates. We also note that all new 
G1C1 candidates have rather low (albeit negative) values of log Rn, 
close to the OpCl regime, and all but one have a quality flag of 
two or higher. A visual inspection of 2MASS JHK colour images 
shows no clear indication of a star cluster for all but the cluster can- 
didate 1716 (see Fig.|2j. As discussed in Sect. 12.21 the impression 
of colour images can be misleading, because new clusters might 
be dominated by faint stars, which do not strongly affect the visual 
(subjective) appearance of the cluster. 

Nevertheless, it will be justified to systematically investigate 
the new cluster candidates with the smallest log R n- values e.g. 
with deep and high-resolution NIR imaging. This is particularly 
interesting in areas close to the Galactic Plane and the Galactic 
Centre, were extinction hampers the detection of GlCls at optical 
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Table 1. Positions of the nine new cluster candidates in our sample that 
are classified as most probably being a G1C1. The log i?jv- vames f° r a U 
other new candidates and their properties can be found in the Appendix in 
TablelATI 
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wavelength. The recently discovered G1C1 Glimpse C01 for exam- 
ple, which has logi?jv = -0.851 according to our analysis, is situ- 
ated in this area (Z = 31.31, b = -0.10). 



5 CONCLUSIONS 

We have used star density maps determined from the 2MASS point 
source catalogue to obtain a complete sample of star clusters in 
the entire Galactic Plane (|6| < 20°). We used a combination of 
automated searches for local density enhancements and manual de- 
tection to obtain our cluster sample. In total 1788 cluster candidates 
are detected by our method. There are 86 previously known GlCls 
and 681 OpCls among our source sample. The remainder of 1021 
objects are new star cluster candidates. 

An analysis of the spatial distribution of the clusters shows 
that the majority of the new candidates are similarly distributed as 
the previously known OpCls. There is, however, a component of 
roughly 500 objects, that appears to be homogeneously distributed. 
These sources are therefore most likely local star density enhance- 
ments and not real star clusters. We estimate the contamination rate 
of our candidate sample to be about 50 %. 

We determined how the probability of finding star cluster pairs 
changes with separation. Using a simple model for the two dimen- 
sional cluster distribution, we were able to reproduce the obser- 
vations. The model assumes a homogeneously distributed compo- 
nent of clusters (i.e. the contamination of our sample), a component 
that is homogeneously distributed along and Gaussian distributed 
perpendicular to the Galactic Plane, and a fraction of clusters in 
close-by pairs. These close-by pairs of star clusters are uncondi- 
tionally required to reproduce the observational star cluster dis- 
tribution providing strong evidence for clustering of star clusters 
on small scales. The size of the groups of 0.7° indicates a locally 
enhanced cluster density on scales of 12-25 pc, a typical size of 
molecular clouds. 

The large and homogeneous sample of known OpCls and 
GlCls allowed us to use a statistical approach to classify the new 
cluster candidates. This was done by means of cluster properties 
obtained by fitting the radial star density profile of each object by 
a King-Profile. The measure for classification obtained by us clas- 
sifies only 16% of the known GlCls and only 5% of the known 
OpCls wrongly. According to our criterium, there are nine promis- 
ing G1C1 candidates among our new cluster candidates, from which 
2-3 are likely to be real G1C1. A systematic detailed investigation of 
the most promising G1C1 candidates is suggested in order to iden- 
tify possible new Galactic Globular Clusters in our sample. 
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APPENDIX A: PROPERTIES OF PROBABLE CLUSTER CANDIDATES 

Table Al: Properties of the probable clusters in our sample of newly detected 
star cluster candidates. The columns contain the following: (1) Unique identi- 
fier for each cluster candidate; (2) Galactic Longitude in degrees (typical error 
0.01°); (3) Galactic Latitude in degrees (typical error 0.01°); (4) Right Ascen- 
tion (J2000) (typical error 0.01°); (5) Declination (J2000) (typical error 0.01°); 
(6) Core radius in degrees as fitted to the H-band radial star density profile (typ- 
ical error 15 %); (7) Tidal radius in degrees as fitted to the H-band radial star 
density profile (typical error 33 %); (8) Central star density in stars per square 
arcminutes as fitted to the H-band radial star density profile; (9) Star density con- 
trast in the H-band, determined as ratio of the central star density and the square 
root of the background star density. Values of -99 indicate objects with a fitted 
background star density of zero; (10) Number of stars in the cluster as obtained 
using Eq.|3|and the star density profile in the H-band; (11) Corrected number of 
stars in the cluster determined using Eq.|4]at an apparent magnitude of 15 in the 
H-band; (12) The measure log Rn as determined in Sect. 14.41 Values of 99 indi- 
cate cluster candidates with P Gl = 0.; (13) Quality Flag determined from our 
analysis of the radial density profile fit in Sect. 14.21 (14) Name of possible known 
cluster with erroneous coordinates in SIMBAD. 
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1342 248.135 -1.219 7:57:55 -31:30:34 0.013 0.08 

1343 248.216 -3.94 7:47:03 -32:58:12 0.015 0.124 
1357 250.332 0.83 8:11:37 -32:16:08 0.02 0.117 
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Table Al - continued from previous page 
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RA/DEC (J2000) r£ ore r£ d 
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N h 

- 1 Y C 
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Poss. Known 




[°] 


n 
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349.196 
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17:31:21 -39:51:09 0.019 0.95 


12 


3 


745 


1870 


0.412 3 100110 
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A systematic survey for infrared star clusters with \b\ < 20° using 2MASS 21 

APPENDIX B: PROPERTIES OF POSSIBLE CLUSTER CANDIDATES 

Table B 1 : Properties of the possible clusters in our sample of newly detected star 
cluster candidates. The columns contain the following: (1) Unique identifier for 
each cluster candidate; (2) Galactic Longitude in degrees (typical error 0.01°); 
(3) Galactic Latitude in degrees (typical error 0.01°); (4) Right Ascention (J2000) 
(typical error 0.01°); (5) Declination (J2000) (typical error 0.01°); (6) Core ra- 
dius in degrees as fitted to the H-band radial star density profile (typical error 
15 %); (7) Tidal radius in degrees as fitted to the H-band radial star density pro- 
file (typical error 33 %); (8) Central star density in stars per square arcminutes 
as fitted to the H-band radial star density profile; (9) Star density contrast in the 
H-band, determined as ratio of the central star density and the square root of the 
background star density. Values of -99 indicate objects with a fitted background 
star density of zero; (10) Number of stars in the cluster as obtained using Eq.|3| 
and the star density profile in the H-band; (11) Corrected number of stars in the 
cluster determined using Eq.|4]at an apparent magnitude of 15 in the H-band; 
(12) The measure log Rn as determined in Sect. 14,41 Values of 99 indicate clus- 
ter candidates with P Gl = 0.; (13) Quality Flag determined from our analysis 
of the radial density profile fit in Sect. 14.21 (14) Name of possible known cluster 
with erroneous coordinates in SIMBAD. 
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Table B 1 - continued from previous page 
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0227 
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42.409 
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44.1 
44.145 
44.934 
48.276 
49.243 
51.108 

52.27 
54.843 
54.892 
56.315 
56.437 
56.449 
57.028 
57.142 
57.579 
63.104 
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67.048 

67.34 
69.523 
69.558 
71.313 
75.713 
77.709 
79.092 
79.167 
81.228 
82.156 
82.792 
82.811 
83.131 
83.672 
85.174 
85.496 
85.625 
86.175 
86.203 
87.316 
87.804 
87.863 
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91.275 
93.418 
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94.433 
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-18.27 20:09:09 

11.127 18:28:17 

18.224 18:02:20 

13.295 18:23:05 

13.332 18:23:01 

15.452 18:16:17 

19.34 18:06:27 

19.636 20:31:03 

-4.064 19:40:15 

10.473 20:05:23 

18.353 20:37:59 

18.265 20:37:48 

-4.381 19:52:11 
18:18:21 
18:18:04 
19:37:28 
19:17:09 

18.569 20:44:35 

17.391 20:53:10 

-4.938 20:13:38 

-3.053 20:11:53 

10.624 20:40:22 

-9.545 20:42:13 

-9.656 20:42:42 

8.12 19:36:29 

13.532 19:21:05 

4.177 20:10:48 

0.959 20:28:58 

11.994 19:37:16 

8.028 20:03:02 

16.993 21:44:58 

-4.516 21:03:29 

5.788 20:18:51 

4.845 20:24:23 

7.04 20:15:30 

-12.05 21:39:15 

-4.44 21:12:49 

16.147 21:54:06 

-5.276 21:18:35 

-5.282 21:18:43 

5.75 20:34:29 

-8.659 21:37:18 

6.839 20:30:57 

15.846 22:01:25 

-0.496 21:16:20 

-2.754 21:27:56 

2.343 21:06:45 

-4.404 21:44:54 

-5.384 21:50:38 

5.522 21:05:03 

-4.715 21:58:48 



11:08:46 0.026 0.744 4 

8:07:41 0.022 0.067 10 

1:59:53 0.005 0.26 21 

-3:32:18 0.007 0.344 6 

-2:13:03 0.012 0.215 11 

13:24:07 0.062 0.123 6 

16:46:26 0.007 0.323 9 

15:49:12 0.025 0.098 13 

15:52:31 0.009 0.197 16 

17:26:59 0.028 0.886 3 

21:54:52 0.059 0.118 4 

4:42:51 0.013 0.2 11 

14:09:31 0.02 0.405 10 

11:56:30 0.006 0.28 17 

9:53:00 0.011 0.55 10 

9:58:13 0.009 0.439 8 

18:30:10 0.016 0.583 12 

29:07:48 0.024 0.072 3 

29:09:58 0.006 0.168 10 

21:18:52 0.009 0.44 15 

23:58:24 0.018 0.212 7 

11:55:27 0.006 0.281 8 

16:53:31 0.011 0.531 4 

25:27:19 0.022 0.583 9 

28:18:20 0.007 0.347 23 

24:13:09 0.008 0.385 10 

26:35:15 0.021 0.125 5 

26:32:53 0.006 0.312 14 

37:41:39 0.016 0.062 14 

43:58:43 0.016 0.776 7 

41:10:43 0.017 0.837 14 

40:30:05 0.004 0.03 44 

46:20:27 0.013 0.625 5 

46:11:20 0.022 0.858 7 

30:44:54 0.008 0.406 8 

39:58:03 0.021 0.51 6 

46:18:32 0.012 0.282 14 

46:02:23 0.018 0.829 10 

47:42:49 0.011 0.244 23 

36:21:54 0.019 0.076 5 

42:00:35 0.014 0.094 9 

33:35:02 0.013 0.062 8 

41:55:11 0.023 1.148 5 

41:56:08 0.028 0.113 11 

49:57:21 0.015 0.644 13 

40:36:46 0.011 0.053 10 

51:02:07 0.012 0.594 10 

35:13:08 0.018 0.14 5 

48:21:45 0.009 0.475 14 

47:07:05 0.009 0.258 16 

50:51:24 0.01 0.493 14 

47:29:35 0.032 0.097 7 

47:01:45 0.008 0.385 9 

55:19:30 0.022 0.173 9 

48:58:10 0.006 0.035 23 



4 
5 
9 
5 

10 

3 
7 
8 

10 

2 
4 
10 
4 
9 
16 
8 
5 
3 

-99 
5 
4 
7 
3 
4 
9 
7 
3 



5 
7 
14 
3 
4 
7 
3 
8 
4 
12 
3 
4 
8 
3 
6 
6 
6 
5 
6 
6 
6 
5 
3 
5 
5 
12 



391 357 99.0 2 000110 

187 142 0.815 5 110111 
98 89 0.575 4 110011 
51 42 99.0 4 010111 

182 151 0.769 1 100000 

576 437 99.0 5 111110 

66 42 0.529 4 110011 

388 223 0.736 000000 

184 106 0.708 3 100011 

289 200 99.0 2 000110 

396 274 99.0 2 000110 

201 139 0.836 1 010000 

506 461 0.668 2 100100 

89 89 0.523 4 110011 
210 333 0.769 2 100010 
103 112 99.0 3 100011 
479 437 0.681 2 100100 

60 95 99.0 2 000110 

48 77 99.0 3 100011 
197 285 0.506 6 111111 
231 304 0.692 2 100100 

42 38 99.0 4 110011 

79 55 99.0 4 011110 

608 506 0.695 1 000100 

188 130 0.599 5 111011 
106 116 99.0 4 100111 
143 157 99.0 3 110100 

90 75 0.631 5 111011 
174 174 0.604 2 100001 
298 206 99.0 3 100110 

661 1048 0.265 1 000010 IC 1311 

49 34 99.0 5 111011 

120 110 99.0 3 010110 NGC6811 

531 485 0.846 4 110110 

94 71 99.0 4 011011 
351 292 0.83 2 100100 
281 281 0.675 3 110010 

572 572 0.614 2 000110 Berkeley 89 

344 261 99.0 5 101111 

92 77 99.0 5 110111 

118 129 99.0 3 100101 

73 80 99.0 3 111000 

475 520 99.0 2 000110 

426 467 0.681 000000 

486 405 99.0 4 110110 

65 49 99.0 2 100001 

230 252 0.751 2 000110 

134 177 0.958 1 100000 

214 234 0.658 5 111011 

187 170 0.581 5 110111 

236 196 0.697 5 111011 NGC7031 

271 206 99.0 3 100110 

95 86 0.733 5 110111 
340 283 0.838 1 000100 

53 53 0.529 3 110001 
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ID 



/ 

[°] 



b 

n 



RA/DEC (J2000) 
Humes] I :-:"| 



[° 



r h jh 
' tid J cent 



Con.' 1 N h iV c h log R N Qual. Flag Poss. Known 

Cluster 



0321 96.399 -16.139 22:35:57 39:39:07 0.025 1.114 2 2 229 302 99.0 3 

0328 97.917 -12.808 22:33:29 43:15:47 0.007 0.344 7 6 55 50 99.0 5 

0329 97.929 5.067 21:24:49 57:32:00 0.013 0.09 14 9 173 274 0.623 

0330 98.067 -12.797 22:34:08 43:20:53 0.008 0.383 8 8 81 106 0.553 3 

0331 98.183 -12.771 22:34:36 43:25:43 0.026 0.179 5 6 241 349 99.0 2 

0332 98.233 19.565 19:44:13 66:08:46 0.009 0.427 4 4 53 37 99.0 4 
0344 100.05 -0.327 22:01:39 54:49:08 0.006 0.312 20 8 136 113 0.631 5 

0346 100.938 8.887 21:19:59 62:20:39 0.025 0.126 7 5 258 214 99.0 2 

0347 101.29 8.857 21:22:16 62:34:20 0.039 0.078 9 6 360 249 0.83 2 
0351 102.509 5.144 21:50:51 60:38:29 0.047 0.141 7 4 566 620 99.0 3 

0361 103.879 -5.633 22:42:43 52:24:41 0.018 0.353 6 3 223 185 0.74 1 

0362 103.984 -4.3 22:39:03 53:37:47 0.043 0.128 7 4 492 448 99.0 3 
0368 104.918 13.801 21:10:40 68:32:40 0.029 0.086 10 10 304 253 0.903 2 

0370 105.168 -18.86 23:21:37 40:53:35 0.019 0.096 3 3 68 47 99.0 1 

0371 105.288 -10.925 23:05:11 48:16:24 0.051 0.154 3 2 313 286 99.0 3 

0378 105.86 3.908 22:19:14 61:37:36 0.009 0.425 13 7 164 103 0.576 5 

0379 106.283 13.554 21:22:40 69:21:25 0.095 0.191 3 3 736 671 99.0 4 

0380 106.569 -4.931 22:56:35 54:15:03 0.018 0.894 4 2 232 254 99.0 3 
0386 107.126 12.613 21:36:46 69:16:02 0.032 0.095 5 4 184 202 99.0 5 

0388 107.32 5.129 22:24:05 63:26:32 0.023 0.697 6 3 475 329 0.855 1 

0389 107.41 13.074 21:35:27 69:47:32 0.037 1.808 2 2 494 411 99.0 3 

0390 107.457 5.554 22:23:04 63:52:26 0.013 0.312 9 5 182 115 0.83 3 
0398 108.885 5.051 22:36:33 64:10:48 0.047 2.013 2 1 884 670 99.0 2 
0403 109.589 -15.855 23:38:06 45:06:29 0.08 0.16 4 4 629 435 99.0 2 
0405 109.77 7.381 22:32:35 66:38:10 0.056 0.113 6 3 454 314 99.0 5 
0410 110.57 19.604 20:55:16 76:23:51 0.01 0.189 7 10 84 110 99.0 3 
0418 111.202 2.754 23:04:30 63:09:51 0.027 0.081 10 4 277 192 99.0 5 
0423 111.481 5.191 22:57:32 65:29:54 0.019 0.928 4 2 214 148 99.0 3 

0427 111.924 -4.166 23:29:41 56:56:53 0.017 0.733 5 2 210 145 99.0 3 

0428 112.359 8.731 22:49:27 69:03:36 0.02 0.276 6 4 257 195 0.986 3 

0429 112.525 8.663 22:51:26 69:04:25 0.008 0.422 8 6 102 102 99.0 4 
0437 113.488 16.681 22:03:59 76:22:37 0.027 0.082 6 7 167 139 99.0 4 
0440 113.678 -11.725 23:54:34 50:07:19 0.007 0.087 14 12 66 73 0.601 2 

0446 114.885 14.403 22:42:56 75:13:41 0.01 0.525 8 9 155 129 0.819 3 

0447 115.185 -18.214 0:10:23 44:02:21 0.025 0.074 4 4 92 64 99.0 3 
0449 115.346 14.827 22:45:53 75:48:54 0.014 0.272 7 7 186 141 0.751 1 

0463 116.84 11.302 23:27:10 73:10:09 0.004 0.018 17 13 12 10 99.0 4 

0464 116.847 8.639 23:37:44 70:38:05 0.012 0.573 5 4 111 111 99.0 4 

0465 116.872 4.027 23:50:58 66:11:04 0.008 0.385 17 8 168 128 0.603 2 

0466 116.921 11.392 23:27:49 73:16:48 0.01 0.336 7 6 113 94 99.0 2 
0472 117.678 11.751 23:36:13 73:51:01 0.018 0.908 6 6 325 356 99.0 3 
0477 118.477 -10.747 0:23:02 51:52:43 0.027 0.11 6 4 210 133 99.0 3 
0479 118.548 -7.809 0:21:14 54:48:19 0.018 0.123 11 8 245 245 0.647 1 
0481 118.599 -19.392 0:28:57 43:17:25 0.009 0.171 11 12 95 79 0.744 3 
0483 118.627 -19.432 0:29:07 43:15:11 0.019 0.076 8 9 147 122 99.0 1 
0492 119.894 18.811 23:34:38 81:13:34 0.023 1.148 3 4 246 205 99.0 4 
0495 120.133 -4.83 0:30:24 57:55:38 0.023 0.07 15 8 312 197 0.677 1 

0503 120.944 6.119 0:29:26 68:54:20 0.018 0.108 9 6 192 192 0.771 3 

0504 121.221 19.103 0:05:40 81:49:19 0.007 0.122 8 9 49 37 99.0 3 
0507 121.816 -10.515 0:44:15 52:20:27 0.014 0.69 4 4 134 122 99.0 3 
0511 122.024 -7.044 0:45:01 55:48:58 0.022 0.906 6 4 432 299 0.855 3 
0515 122.83 -8.103 0:50:44 54:46:06 0.012 0.618 4 3 104 114 99.0 4 
0518 122.906 -18.582 0:51:18 44:17:22 0.045 0.135 4 6 308 337 99.0 5 

0523 123.591 5.605 0:58:35 68:28:02 0.015 0.747 8 4 287 218 0.797 2 

0524 123.624 -0.749 0:57:21 62:06:52 0.007 0.071 23 12 102 93 0.498 5 
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ID 



/ 

[°] 



b 

n 



RA/DEC (J2000) 
[h:m:s] [":':"] 



[° 



r h jh 
' tid J cent 



Con.' 1 N h N£ log R N Qual. Flag Poss. Known 



Cluster 



0530 125.734 -5.778 1:11:55 56:58:55 0.052 0.105 

0531 125.772 12.128 1:33:55 74:45:53 0.014 0.189 

0532 125.856 18.769 2:05:12 81:13:07 0.016 0.192 
0539 126.457 11.914 1:43:14 74:25:47 0.022 0.201 

0544 127.283 -9.965 1:19:44 52:40:02 0.014 0.675 

0545 127.356 13.218 2:01:11 75:29:13 0.022 0.535 
0555 128.811 8.652 2:02:49 70:42:16 0.013 0.671 
0558 129.426 5.813 2:00:45 67:48:22 0.023 0.188 

0560 129.824 -18.247 1:27:59 44:08:06 0.006 0.312 

0561 129.914 5.888 2:05:54 67:44:39 0.043 0.086 
0566 130.122 11.544 2:30:43 73:00:52 0.02 0.734 

0568 130.324 10.742 2:29:07 72:11:49 0.028 1.246 

0569 130.374 11.061 2:31:18 72:28:25 0.008 0.39 

0575 133.219 19.14 4:19:14 77:37:44 0.003 0.018 

0576 133.275 8.825 2:51:37 69:14:48 0.006 0.292 

0577 133.297 19.15 4:20:17 77:34:51 0.007 0.06 
0579 133.482 9.01 2:54:38 69:19:05 0.005 0.047 
0581 133.851 8.637 2:56:18 68:49:07 0.065 0.129 
0604 136.547 4.129 2:58:50 63:34:51 0.014 0.68 
0606 136.898 16.675 4:27:04 73:22:31 0.015 0.733 
0612 137.282 5.363 3:10:09 64:17:53 0.039 0.154 

0616 137.937 -15.729 2:13:35 44:44:09 0.007 0.14 

0617 137.949 -8.086 2:29:41 51:53:51 0.005 0.024 
0620 138.154 -8.112 2:30:51 51:47:49 0.029 1.334 
0623 138.624 8.896 3:39:42 66:29:41 0.016 0.384 

0626 140.38 -17.415 2:22:32 42:20:57 0.007 0.075 

0627 140.411 2.572 3:20:26 60:17:05 0.005 0.271 

0630 141.408 18.423 5:18:30 70:54:05 0.019 0.343 

0631 141.559 18.656 5:21:51 70:53:39 0.004 0.219 

0632 142.284 2.498 3:32:26 59:10:47 0.048 0.095 

0642 144.1 18.463 5:33:19 68:41:22 0.011 0.536 

0643 144.783 13.645 4:55:01 65:32:48 0.022 1.058 
0649 146.824 -12.152 3:06:01 44:23:13 0.025 1.105 
0653 147.939 2.182 4:03:49 55:25:11 0.007 0.336 
0661 150.121 16.484 5:42:16 62:41:04 0.057 0.114 
0663 150.551 -0.213 4:06:13 51:53:38 0.068 0.135 
0666 150.79 -0.583 4:05:46 51:27:33 0.007 0.313 
0670 152.343 11.351 5:15:28 58:11:49 0.063 0.252 
0675 153.443 -17.885 3:18:24 36:07:58 0.008 0.383 

0682 155.609 -15.586 3:33:27 36:48:10 0.021 1.046 

0683 155.923 7.734 5:08:47 53:13:51 0.025 0.302 

0684 156.454 5.765 5:00:31 51:37:44 0.006 0.302 

0685 156.649 5.359 4:59:13 51:13:37 0.012 0.586 

0689 157.246 -8.449 4:03:09 41:18:32 0.012 0.573 

0690 157.905 5.126 5:02:52 50:05:38 0.037 0.111 

0691 158.301 -16.278 3:41:26 34:40:06 0.021 0.205 

0692 158.475 -8.902 4:06:17 40:09:23 0.068 0.135 

0693 158.563 13.714 5:52:25 54:10:44 0.035 0.105 
0695 159.055 -9.697 4:05:41 39:11:02 0.024 0.146 

0697 159.224 -6.276 4:18:43 41:32:37 0.046 0.139 

0698 159.225 -9.605 4:06:38 39:08:16 0.015 0.743 

0700 159.71 -9.018 4:10:31 39:14:21 0.023 0.681 

0701 159.852 -15.432 3:49:38 34:22:11 0.019 0.925 

0705 160.707 4.861 5:11:43 47:41:42 0.022 0.133 

0706 161.167 -7.748 4:20:25 39:08:21 0.013 0.666 
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ID 



/ 

[°] 



b 

n 



RA/DEC (J2000) 
[h:m:s] [V:"] 



[° 



r h jh 
' tid J cent 



Con.' 1 N h N£ log R N Qual. Flag Poss. Known 

Cluster 



1400 259.959 
1402 261.514 
1405 261.624 
1407 261.948 
1413 263.219 
1417 263.862 
1419 264.055 
1431 264.705 
1440 265.338 

1446 266.026 

1447 266.137 
1449 266.774 
1451 266.949 
1459 268.703 
1465 269.717 
1467 269.777 
1470 270.435 

1474 271.328 

1475 271.367 

1478 271.984 

1479 272.48 
1481 273.117 
1491 275.091 
1501 276.941 
1511 278.877 

1513 279.202 

1514 279.351 
1517 279.546 
1527 282.138 
1541 284.731 
1543 285.279 
1554 287.672 
1556 287.982 

1560 289.325 

1561 289.369 
1566 290.389 
1568 290.435 

1572 290.752 

1573 290.851 

1574 290.913 
1577 291.654 
1579 292.116 
1584 292.419 

1593 295.427 

1594 295.474 

1597 296.491 

1598 297.216 
1602 297.769 
1604 298.261 

1607 298.714 

1608 298.843 

1609 298.909 

1610 299.131 
1613 299.431 
1616 300.476 



13.858 
6.239 
15.328 
12.547 
19.635 
11.374 
-6.607 
11.352 
17.182 
-9.446 
-9.369 
19.087 
12.65 



7:29:26 
9:05:46 
9:37:54 
9:29:46 
9:56:34 
9:32:19 
8:18:54 
9:35:13 
7:23:34 
8:10:45 
8:11:32 
10:06:59 
9:47:42 
16.25 10:05:32 
15.056 10:05:45 
15.619 10:07:41 
19.235 7:22:49 



-0.661 
9.555 
-4.338 
15.223 
8.783 
6.385 



9:14:40 
9:54:38 
9:00:08 
7:57:45 
9:59:25 
9:59:53 



4.546 10:02:00 

13.519 10:39:53 

-1.582 9:48:40 

18.489 7:58:23 

-0.071 9:57:12 

-1.358 10:06:32 

-8.501 9:46:52 

15.196 11:14:49 

10.139 9:58:49 

6.39 11:09:19 

8.243 11:22:01 

6.617 11:18:32 

14.458 9:50:37 

-9.844 10:24:48 

10.532 10:23:32 

15.355 11:43:58 

15.646 11:44:44 

-17.9 9:28:23 

-19.42 9:13:39 

-4.281 11:09:14 

-7.102 11:27:38 

-7.044 11:28:20 

-5.049 11:44:43 

13.084 11:23:33 

5.735 12:13:50 

11.126 12:21:57 

15.593 11:32:58 

5.436 12:21:19 

14.23 12:27:53 

6.51 12:24:16 

16.272 12:31:54 

-0.666 12:29:26 



■47:51:16 0.04 1.082 
■37:52:18 0.042 0.374 
■31:36:56 0.016 0.827 
■33:49:51 0.029 0.145 
■29:26:43 0.011 0.204 
■35:58:39 0.033 1.665 
■47:47:32 0.005 0.087 
■36:33:48 0.043 0.087 
■53:56:29 0.018 0.106 
■50:58:19 0.03 1.505 
■51:01:27 0.024 0.096 
■32:00:09 0.018 0.198 
■37:04:22 0.022 0.375 
■35:22:09 0.013 0.632 
■36:54:40 0.005 0.26 
■36:29:57 0.005 0.26 
■59:11:56 0.012 0.594 
■49:44:51 0.013 0.617 
■42:13:46 0.016 0.428 
■52:42:39 0.02 0.16 
■59:19:11 0.034 1.066 
■43:54:29 0.024 0.119 
■47:00:07 0.018 0.715 
■49:34:50 0.019 0.268 
■43:07:28 0.013 0.265 
■55:47:37 0.018 0.071 
■66:39:37 0.024 0.142 
.54:49:46 0.009 0.331 
■57:24:52 0.007 0.323 
■64:37:56 0.011 0.418 
■44:20:20 0.021 0.189 
■67:44:21 0.052 0.104 
■53:29:30 0.017 0.103 
■52:15:02 0.044 0.133 
■53:47:25 0.009 0.159 
■72:45:42 0.009 0.438 
■69:04:40 0.015 0.75 
■69:49:31 0.019 0.726 
■45:55:41 0.009 0.427 
■45:39:48 0.014 0.627 
■76:05:49 0.016 0.129 
■77:26:09 0.006 0.233 
■65:02:45 0.011 0.55 
■68:44:38 0.023 0.206 
■68:42:14 0.055 0.663 
■67:04:58 0.024 0.874 
■74:58:18 0.034 0.101 
■56:45:33 0.015 0.775 
■51:28:41 0.041 0.124 
■77:49:02 0.017 0.861 
■57:11:47 0.019 0.643 
■48:27:28 0.019 0.95 
■56:09:40 0.022 1.105 
■46:28:01 0.02 0.45 
■63:25:58 0.014 0.69 
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224 
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124 
319 

24 
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100 
536 
207 
145 
174 
105 

37 

53 
111 
240 
309 
384 
793 
291 
496 
437 
110 
112 
295 
177 
188 
224 
295 
471 
347 
530 
105 

93 
196 
345 

88 
174 
159 

41 
400 
465 
666 
379 
195 
435 
335 
221 
302 
301 
471 
130 
330 



218 
283 
186 
295 
136 
350 

29 
285 
110 
489 
143 
100 
145 

87 

41 

48 
160 
219 
281 
350 
659 
319 
453 
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92 
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269 
194 
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155 
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358 
316 
483 
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93 
179 
378 

88 
191 
210 

34 
365 
510 
731 
416 
195 
435 
335 
202 
251 
208 
471 

82 
573 



99.0 5 
99.0 2 
99.0 3 
0.862 
99.0 1 
99.0 4 
99.0 4 
0.835 2 
99.0 1 
99.0 5 
99.0 4 
99.0 1 
99.0 2 
99.0 3 
99.0 3 
0.501 5 
99.0 1 
0.774 5 
0.729 3 
0.719 5 
99.0 



0.872 
0.713 
0.61 
99.0 
99.0 
99.0 
99.0 
0.529 
0.731 
0.762 
0.859 
0.477 
99.0 
0.765 
99.0 
99.0 
0.786 
99.0 
99.0 



99.0 1 



99.0 
0.434 
0.691 
99.0 
99.0 
99.0 
0.668 
99.0 
99.0 
99.0 
0.973 
0.945 
99.0 
0.589 



110111 
100100 
010110 
000000 
010000 
110110 
110101 
100010 
100000 
110111 
111100 
000100 
010100 
000111 
100011 
111011 
000010 
111110 
110010 
111110 
000000 
100000 
110000 
100000 
100110 
110111 
001100 
110111 
111011 
100000 
100100 
100110 
100000 
101110 
010001 
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Table B 1 - continued from previous page 

ID I b RA/DEC (J2000) r% ole r£ d l£ ont Con. h N h log R N Qual. Flag Poss. Known 

[°] [°] [h:m:s] [°:':"] [°] [°] [**/' 2 ] Cluster 



1620 


301.054 


5.553 


12 


1621 


301.297 


5.457 


12 


1623 


301.432 


-4.115 


12 


1625 


301.513 


4.424 


12 


1626 


301.705 


-18.703 


12 


1629 


302.251 


-18.123 


12 


1631 


302.713 


-18.379 


12 


1634 


303.547 


19.195 


12 


1635 


303.608 


19.377 


12 


1638 


303.723 


-8.538 


13 


1639 


303.964 


-14.298 


13 


1640 


304.084 


-14.613 


13 


1642 


305.164 


-10.834 


13 


1644 


305.514 


-4.319 


13 


1646 


306.62 


8.488 


13 


1647 


306.733 


-11.489 


13 


1648 


306.877 


6.303 


13 


1649 


306.888 


6.5 


13 


1650 


307.051 


-5.596 


13 


1652 


307.531 


9.362 


13 


1654 


307.72 


-5.309 


13 


1656 


307.892 


-4.247 


13 


1658 


308.177 


-8.538 


13 


1661 


308.763 


-7.255 


13 


1667 


309.843 


-10.413 


14 


1668 


310.402 


0.379 


13 
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311.89 


18.851 


13 


1673 


312.368 


11.153 


13 


1675 


312.864 


-18.813 


16 


1676 


314.187 


11.617 


14 


1678 


314.655 


-4.462 


14 


1680 


314.791 


0.597 


14 


1683 


315.385 


19.591 


13 


1684 


315.61 


18.37 


13 


1685 


315.766 


-5.258 


14 


1690 


317.636 


6.267 


14 


1692 


318.213 


-17.35 


16 


1693 


318.426 


-6.713 


15 


1694 


318.549 


-4.329 


15 


1695 


319.592 


10.368 


14 


1699 


322.653 


14.622 


14 


1701 


323.083 


-0.424 


15 


1705 


325.956 


11.3 


15 


1712 


328.826 


0.9 


15 


1713 


329.367 


-8.551 


16 


1718 


330.131 


-6.72 


16 


1720 


331.544 


17.599 


15 


1721 


332.887 


-16.016 


17 


1723 


333.029 


5.85 


15 


1725 


334.51 


-1.188 


16 


1728 


334.905 


17.543 


15 


1729 


334.924 


-6.16 


16 


1734 


338.859 


5.812 


16 


1736 


339.257 


9.274 


16 


1737 


340.097 


7.248 


16 



:37:36 -57:16:06 0.011 
:39:21 -57:22:35 0.052 
:36:08 -66:56:32 0.028 
:40:37 -58:25:04 0.013 
:19:53 -81:29:58 0.067 
:34:55 -80:58:22 0.004 
:45:58 -81:14:54 0.02 
:54:39 -43:40:22 0.041 
:54:57 -43:29:24 0.023 
:01:14 -71:23:41 0.021 
:09:25 -77:08:01 0.086 
:11:58 -77:26:19 0.027 
:22:31 -73:34:15 0.009 
: 17:54 -67:03:28 0.033 
:16:24 -54:12:17 0.032 
:45:49 -73:57:29 0.033 
:19:47 -56:21:05 0.031 
: 19:42 -56:09:15 0.075 
:35:39 -68:06:48 0.006 
:21:49 -53:14:17 0.076 
:42:03 -67:42:32 0.057 
:41:39 -66:38:02 0.025 
:55:07 -70:45:30 0.011 
:57:55 -69:22:14 0.02 
:21:49 -72:03:40 0.004 
:54:49 -61:34:12 0.014 
:38:05 -43:12:27 0.008 
:50:12 -50:38:20 0.02 
: 10:29 -77:39:02 0.009 
:00:16 -49:44:40 0.033 
:44:43 -64:43:24 0.005 
:28:33 -60:01:09 0.006 
:54:38 -41:44:50 0.006 
:57:28 -42:52:12 0.006 
:57:22 -64:56:36 0.022 
:32:20 -53:41:57 0.01 
:45:14 -72:49:51 0.018 
:25:49 -64:49:56 0.016 
: 15:04 -62:45:40 0.007 
:33:38 -49:10:09 0.013 
:39:33 -44:04:14 0.03 
:28:28 -57:01:12 0.007 
:04:16 -45:33:01 0.011 
:54:46 -52:30:07 0.005 
:44:48 -58:51:22 0.042 
:38:04 -57:05:13 0.015 
:11:38 -37:21:48 0.015 
:48:57 -60:06:34 0.019 
:55:05 -46:00:51 0.019 
:30:27 -50:07:46 0.011 
:25:01 -35:37:14 0.009 
:56:25 -53:04:18 0.007 
: 19:05 -42:07:44 0.012 
:07:55 -39:21:32 0.016 
: 18:21 -40:14:35 0.028 
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